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FAIL-SAFE ION CHAMBER ERRANT BEAM DETECTOR TAILORED FOR PERSONNEL PROTECTION
M.A. Plum, A.A. Browman. D. Brown, D M. Lee, and C.W. McCabe
Los Alamos National Laboratory, Los Alamos. New Menco

lutroduction

This fail-safe ion chamber system is designed to be part of
the personnel salety system | PSS) for the Los Alamos Neutron
Scattering Center (LANSCE) at tYie Los Alamos National Lab-
oratory. [ts job is 1o protect the sccupants of the experimental
areas from large radiation doses caused by errant beam con-
ditions during beam transport from the Proton Storage Ring
tPSR) to the LANSCE neutron spallation target. Due to 'im-
ited shielding between the beam transport line and the experi-
mental ares. personnel can salely occupy the experiniental area
only if the beam losses in the transpors linu are very low. The
worst case “eam spill scenario is calculated to result in a per-
sounel exposure of about 0.01 Gye/e (1 rad/s). Although the
preferred solulion is to incresse the bulk shielding between the
beaw line aud the experimcntal area, the physical dimeunsious
of the site do uot permit an adequate amouut of shielding to be
added.

The solution adopted is r. layered system of thiee types of highly
reliable detector systems: & current limiter system located in
the beam line, a neutron detector system located in the exper-
unental areas, and an ion chamber system located on the walls
of the heam line tunnels. The ion chaunber system 18 capable
of shutting off the beam in lese than 0.5 s, resulting 10 a worst
case personnel exposure of 0.003 Gye (0.5 rad).

Features

The moat important feature of this system is that 1t is fail-
saf~. By fail-safe we mean more than the usual notious of
redun.lency and conservative engineering practices. We also
nieau that any single compounent failure that could permit »
radiation level greater than 20% above the threshold level will
cause the umt to trip.  This includes fadure of the high or
low voliage power supplies, the connections to and within the
wn chawber, the cabling, and of course all the compunents

m the electronics. A self test is periormed once per secoud
tdened time 1s 0.1 seconds) to check {or any (ailures. g iaree
lusses, Lthe tolal time to shut off the beam. induding this svatemn
and the speeds of the beam plugs and the assuciated ciccuiey,
is estimated to be 0.5 s, resulling in an estmated vaxuuun
personnel exposure of U0.005 Gy (0.5 rad).

Other fentures are a 100:1 dynawmic range, redundant Jigital
electrounics, and low stress on electrical components. Lf thi- puonl
ule dues trip, the cause, cither erraut beam or tiue out 1s=f 1~sL
not passed) is latched and displayed on the frout panel of 1he
unit. There 1s no computer coutrol, but & computcer ‘loes niou-
itor the status and the signal and threshold levels, aud checks
that the threshold level is set correctly.

We chose an ion chamber filled with 160 cm® of N; gas at |
std. atin., 0 that if it leaks, the pressure will drop tu abont
3 4 std, aun. (local stmosphenc pressure), the gas will sull lie
mostly (78%) N, and the system will still uperate safely. ['=sts
ol thus will be conducted in May 1989. All the wn chanibers
are mounted in rugged brackets, and the signal and HV caliles
are located in conduits dedicated Lo this systein. lor (urther
redundancy, the ion chambers are placed close envugh together
that any errant beam spills will be detected by at least two won
chaunbers.

Detaila

A block diagram of tha sy temn is shown in Fig. 1 and n phore
graph of the electronics is shown s Fig. 2. The {ront endd ot the
¢lectronics is coroprised of an op-amp (']} with a filter it,¢,
Che five second lime constant of Llie filter 1s chesrn to ive an
up-atp output level that is approxunately the saiune for plsed
heam losses that can occur at rates from | to 120 Ha, When
the output of Ul exceeds the threshold level the it will tirp
and wdicate an errant beam fault.
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Figure 2: Phetogrsph of thie electromcs.

Ouce per secoad, the unit perforing a sell iest Ly mjectiug a
0 ma pulse onto the IV cable. At theon rhamber n 15 nF cn.
pacitor couplas this pulse onto the mgnal cable, wluch teansuuts
the pulse to the electironics. The pulse amplitude 18 deterunncd
by the high voltage and by the threshold. Although il is large
enough to cause the threshold to be exceeded by 20%, this does
not trip the umt becsuse the digited portion of the eleciroiucs
is disabled for 100 ws during this check. If the threshold has
uot been exceeded by the tust pulse, a 1.5 s titner will uos he
revet, and the unit will tnp and indicate & time vut fault. The
15 oF capacitor on the i1on chamber 18 connected to the won
chaiuber as rhown 1n Fig. 3, so thnt if either the mgnal ur 1Y
cable is disconnected, or i there 1v a lovse runnection sule
the 10n chamber, the test pulse will not reach the front eud of
the electrouis. Also, if the high voltage 18 reduced for scive
reason, the mimnpbtude of the test pulee will not be suflicent
to exceed the threshcld, snd the unmit will tnip. Uhe test pulse
therefure checks that the 10n chawber 18 connected, that the
HYV is present, and that the apalog p2rtion uf the elecironice
is working. The digtal portion of the electromcs 10 not self
checking, but is redundant.
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Two Iront panel test buttons check the time vut and ~rrant
hemm ciccmite. The tune out test lowers e amphtnde of 1he
test pulse by 40% so that it ranuot exceed the threshold. fhus
tesung the 1.5 s retriggerable one shot cucwtey The arrant
li,amm test allows the teat pulse to smulate an errant Leam
coehition by JLisabling the portion of the airciut that ignoces
tnp condition for the duration of thie self Leck.

Perforiusuce

[he 1on chambers were tested using lour dilferent vollages at
the REX facility at the Los Alawos Natiouad Laborawory. In-
tense X-Ray pulses are produced by a 4 MeV, 5 kA, 0 us
electron beawn striking a U.056 cm thick tantalum arget. |he
maximum Jdose uaing this facility is about V.02 Gys 12 Radse,
as shuwn 1 Fig. 4. We chose to use an nperating potential of
+ 1000 V. Later tests ai PSR showed that the maxiumn dose
nnder normal opersting conditions 18 0.003 Gys (0.3 Naus), .
we are operating in the linear remon. 'be next generation will
'ise an operauing potential of - 1000 V.
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Figure 4: ('ollected charge va. dose (or various potentinls.

During the 1984 run cycles from June through Octaber, tlne
syotem per{formed vary well. Many errant henin comlinne ware
caught, and no fmlures were uvted. Au upgraded systen oo
currently beiug wustalled along several secondary bemin hes at
LLAMPF.
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Future

The ne.it generation electronics 18 currently nnder constouct,.m
lustead of a 15 uF capacitor on the on chauber, a 70 Gl reais
tor generates a DC current that s subtracted by the slectronges,
Thus, the presence uf the current checks that the high voltage
i Lhe correct vadue aud 13 connected Lo the wn hamber, that
the signal cable 18 connected, and that the value of Ity v cor
rect. The yeed for lugh voliagss msule the elecironics s niso
cununated i tlus scheme. Lhe test pulse will nuw be sntirely
wterual to the wt, aud 16 will check the AU portion ot the
frout end electronics and also the (higital porvon, as it ol for
the old version. The :ou rhimuver will alsu operate at 0y v



